ABSTRACT Most prediction equations of feedlot performance cover average daily gains (ADG) below 1.5 kgld. The question is whether these equations would be accurate for higher ADG. Medium-to-largeframed weanling and yearling steer calves were fed individually using a transponder-electronic gate system in three feedlot trials and fed in groups in two trials. Average daily gain ranged from .9 t o 2.1 kg. Steers were implanted, fed to the same degree of finish, and slaughtered to obtain dressing percentage and cold carcass weight. Initial carcass weights were estimated from initial slaughter groups. Dietary ME concentration (i.e., 10.5, 11.5, 12.0, and 12.5 MJ ME/ kg of DM, where 1 Mcal = 4.184 MJ), initial weight, dry matter intake (DMI), and days fed could explain 57% of the variation in ADG. The partial contribution of DM1 to the total variation was only 5.2'7~~ confirming the low correlation between DM1 and ADG in feedlot trials. The correlation between metabolizable energy intake (ME1 ) and MEL'ADG also was low, but 80% of the variation in MEI/ADG was accounted for by the variation in ADG. Intake patterns, regardless of dietary energy concentration, indicate that ADG increased with DM1 only when ADG was below 1.5 kg/ d. Therefore, current prediction equations apparently overpredict ME requirements for fast-growing feedlot steers. Optimal performance occurred at a ME concentration of 12.0 M J k g of DM rather than 12.5 M J k g of DM. Dressing percentage and carcass gain increased as dietary energy concentration and ADG increased, and current prediction equations should predict that of fast-growing feedlot steers equally well.
Introduction
Feedlots require accurate and precise estimates of feed intake, feed efficiency, and carcass gains to effectively control costs and predict profit. Average daily gain (ADG) often is an appropriate guideline because it affects costs directly through days fed and its relationship with carcass gain, and indirectly because of its high correlation with feed conversion efficiency. A number of factors determine ADG. These have been described in mathematical models; some are simple descriptive empirical relationships, whereas others simulate complex dynamic behavior of causal mechanisms. Of concern in these models is their inaccuracy in prediction of intake and the lack of a relationship of intake to ADG and feed efficiency . The present investigation further addresses these relationships.
'To whom correspondence should be addressed. 'Present address: E (Kika) de la Garza Institute for Goat A second problem of current prediction equations is that they were derived from cattle having ADG usually under 1.5 kg/d. In the South African feedlot industry, 10 to 15% of cattle have gains exceeding 2 kg/d. Such high rates of gain may alter prediction relationships and the question posed here is whether the high gains are due to high intakes and(or) high efficiencies.
Data and Procedure

Animals and Diets
Results of five feedlot trials described in Table 1 were used. Further details have been given by Meissner et al. (1992) and Wessels (1993) . Briefly, medium-to-large-framed calves and yearling steer calves were individually fed using a transponderelectronic gate system in three trials (Trials 1, 4 and 5 ) or were fed in groups in two trials (Trials 2 and 3 ) with three replicates per treatment. Steers were implanted with zeranol and fed until grade reached Super A, which is obtained between body weights (BW) of 350 and 450 kg, depending on mature size 
Statistical Analysis
Cumulative feed intake and BW were regressed against time ( t ) on feed. A quadratic equation Y = a + bt + ct2, fitted the data satisfactorily with R2 > .98.
Daily feed intake and ADG at specified times or BW then were calculated from the differential: dy/dt = b + 2 ct. Feed conversion efficiency at specific times or BW also could be calculated by this procedure (see Figure  1 ) . Feed intake, ADG, and carcass gain, furthermore, were calculated over the total feeding period. Prediction equations were developed using least squares procedures (SAS, 1985) . Linear and quadratic terms of initial BW, market BW, dietary ME concentration, DM intake (DMI), days fed, and ADG were included in different multivariate models as covariables. These terms were tested in a step-down procedure and the terms that did not contribute significantly to the overall variation were not included in subsequent analyses. Initial BW accounted for the difference between calves and yearlings. Maturity type and experiment as class variables did not significantly improve prediction equations. Significance was accepted at P I .01, although P 2 F usually was higher.
Results and Discussion
Average Daily Gain and Feed Efficiency
Variables that significantly contributed to the variation in ADG were dietary energy concentration, initial weight, DMI, and days fed. The quadratic term for DM1 also was significant. The total variation in the data set accounted for was 57%, similar to the 56% reported by Rayburn and Fox ( 1990) . The partial contribution of DM1 to the total was only 5.2% vs 12.4%' for initial BW and 18.6% for days fed, respectively, confirming the relatively poor relationship between feed intake and ADG in feedlot trials . The calculated prediction equation is given by Equation [l] : Relationship between ADG and, respectively, MEIlADG and In (MEIIADG) for 300 kg steers (n = 90). Steers that attained 300 kg BW about midway during the feeding period were selected from the trials with dietary energy concentration of 12.0 and 12.5 MJ ME/kg of DM. This procedure reduces the influence of size and days fed.
In the model predicting feed conversion (MEU ADG), contributions from ME1 (quadratic), days fed, and ADG (quadratic) were significant.
The total variation accounted for was 99%. Due to a n interaction between days fed and ADG, it was not possible to calculate partial contributions, but proportionally ADG contributed more than 80% toward the accountable variation. This indicates that the relationship between feed intake and feed conversion of feedlot cattle is not strong The effect of dietary energy concentration and feed intake on ADG and feed conversion to ADC for two extreme scenarios is illustrated in Table 2 . As dietary energy concentration increased, ADG increased and feed conversion to ADG improved. Higher feed intake increased ADG for both slow-and fast-growing steers, and it improved the feed conversion ratio for slowgrowing steers but not for fast-growing steers. This may explain partially the poor relationship between feed intake and feed efficiency. The steer that grows quickly because of high intake may deposit more fat (Beranger, 1977; Slabbert et al., 1992b) and(or) has a higher maintenance requirement (Andersen, 1977; Hicks et al., 1988) than steers that grow quickly for reasons not associated with high intake. The fatter steer may have a n improved efficiency if its intake is reduced, as noted in some studies (Meissner and ROW, 1984; Lofgreen et al., 1987) . Furthermore, it is unlikely that a large proportion of feedlot cattle that gain in excess of 2 kg/day over a feeding period would have high intakes, because if they do, ADG would decrease in response to the higher fat deposition. This postulate was tested by inspecting plots of intake vs ADG. These were calculated indirectly from the relationship between ADG and MEI/ADG rather than directly because of the poor relationship discussed above. The relationship between ADG between approximately .9 and 2.4 kg/d and In (MEI/ADG) is linear ( Figure 1 ) and fits the data reasonably well ( R 2 > .8). Feed intakes calculated in this way were plotted for a number of dietary treatments (Figure 2 ). There plots suggest increasing intakes with ADG up to an ADG of 1.5 kg but not beyond, rather a decline. In The effect of influencing covariables on estimates of carcass weight and gain is shown in Table 4 , together with the influence on feed conversion to carcass gain. Calculations were for two extremes in the Super A grade range of medium-framed steers, started at a fixed BW of 200 kg.
Increasing dietary energy concentration increased dressing percentage and carcass gain as a proportion of ADG (Table 4) and non-linearly improved feed conversion to carcass gain. This agrees with previous work (Slabbert et al., 1992a) . Regardless of dietary energy concentration, faster ADG increased dressing percentage and carcass gain and improved feed conversion to carcass gain. The improvement, however, leveled off between the dietary ME concentrations of 12.0 and 12.5 M J k g of DM. This plateau was more noticeable for fast-growing steers, which possibly is associated with the higher rate of fat deposition as discussed earlier and shown by Owens et al. (1988) and Tatum et al. (1988) . An increase in the market BW was positive for dressing percentage and carcass gain but negative for feed conversion t o carcass gain. For slow-growing steers the increase in feed conversion to carcass gain from 370 to 410 kg market BW was 15%
and for fast-growing steers only 6.5%. Therefore, the increase in carcass weight more than offset the increased feed costs of the poorer conversion for fast-growing steers. This suggests that it should be profitable to feed fast-growing steers to heavier market BW within the weight-range of a particular the trials in which individual feed intakes were measured, only 10 of 48 steers that had an ADG in excess of 1.8 kg/d over the feeding period had a DM1 that exceeded the average of 2.7% of BW, confirming the tendency for a decline in DMI.
These results suggest that energy requirements for steers gaining a t 2 kg/d are lower than anticipated. Predicted ME intakes, as calculated from differential equations for different ADG, are shown in Table 3 (a).
Although not directly comparable, the estimates for high ADG indicate much lower ME requirements than calculated by either ARC (1984) or NRC (1984) ( Table 3 [b]). Calculations furthermore indicate that the DM1 required to meet the ARC-NRC ME requirements for an ADG of 2 kg/d is not possible.
Dressing Percentage, Carcass
Gain, and
Feed Conversion to Carcass Gain
Carcass weight for this data set was predicted with a R2 of .98, with significant contributions from dietary energy concentration (quadratic), initial BW, days fed, and market BW (quadratic). For carcass gain the variation accounted for by dietary energy concentration (quadratic), DMI, and ADG (quadratic) was 97%. -.371 ME (MJ/kg of DM) grade, whereas it would not be profitable to feed slowgrowing steers to heavier market BW. The results of Table 4 describe a particular case in which the initial and market BW were fixed. The steers in the test trials were weanlings and yearlings varying in initial BW between 160 and 290 kg and were therefore fed for different periods. To investigate the effect of dietary energy concentration on feed efficiency without the constraints of the growth curve, ME1 and ADG or carcass gain were scaled by metabolic weight (kg W.75) and the scaled gains regressed on the scaled intakes by least squares means for the data of a particular dietary energy concentration. The regression coefficient gave a n estimate of gross efficiency. Although highly significant, the relationships were not powerful (R2 = .22 to .5 1). Nevertheless, they enabled us to construct the plots shown in Figure  3 . The plots show comparatively flat curves for gross efficiency of ME utilization and rather steep curves for gross efficiency of DM utilization. The ADG/DMI and ADG/MEI increased with increasing dietary energy concentration, reached a maximum at a ME of 12.0 M J k g of DM, and leveled off or declined at 12.5 M J k g of DM. The decline between 12.0 and 12.5 M J k g of DM was less pronounced with carcass gain/DMI and even less with carcass gain/MEI. The increase in carcass gain as a proportion of ADG (Table 4 ) when ME increased from 12.0 M J k g of DM to 12.5 M J k g of DM explains the difference between the ADG and carcass gain plots. Of interest is the fact that carcass gain/MEI was almost constant over all dietary energy concentrations (Figure 3 ) . This is confirmed by the results in Table 4 , which were calculated from more powerful functions. If converted to ME units, the average gross efficiencies were 1.14, 1.11, 1.14, and 1.13 kg carcass gaid100 MJ ME intake for the dietary energy concentrations of, respectively, 10.5, 11.5, 12.0, and 12.5 M J k g of DM. Similar results can be calculated for ad libitum vs 80 to 90% of ad libitum intake on a single dietary energy concentration (Hicks et al., 1988; Slabbert et al., 1992a) .
The decline or leveling off in gross efficiency from a dietary ME concentration of 12 M J k g of DM to 12.5 M J k g of DM can be modified by protein level and degradable intake protein-undegradable intake protein ratio (Meissner et al., 1992) , but the response to protein is small. Therefore, the added costs of more kg gain1100 MJ ME1 MJ ME/& DM Figure 3 .Gross efficiency of ME and DM utilization for body weight (SW) and carcass (C] gain as affected by dietary energy concentration. Although highly significant, the relationships were not powerful (R2 = .22 to .51; CV = 8.2 to 12.3%).
concentrates and the risk of acidosis make the use of diets of 12.5 M J MEkg of DM less attractive.
Implications
The relationship between feed intake and average daily gain and feed intake and feed conversion efficiency in rapidly growing young feedlot steers was weak. To study feed intake patterns, the strong relationship between average daily gain and feed conversion effkiency should be exploited. An average daily gain above 2 kg/d is more often obtained by steers consuming moderate rather than large amounts of energy; therefore, most prediction equations would overestimate energy requirements of steers in this growth category. In contrast, predicting dressing percentage and carcass growth rate from current prediction equations should be fairly accurate. Because of added cost and no increase in performance with a dietary metabolizable energy concentration of 12.5 MJ/kg of dry matter, a metabolizable energy concentration of 12.0 M J k g of dry matter seems optimal for the South African feedlot industry.
